The experiments are performed at the X05LA (microXAS) beamline at the Swiss Light Source, Paul Scherrer Institute, using the fs-slicing scheme.
S.1 Experimental procedures
The experiments are performed at the X05LA (microXAS) beamline at the Swiss Light Source, Paul Scherrer Institute, using the fs-slicing scheme. [1] The slicing source is operated at 2 kHz and the fs X-ray slice is spatially separated from the core beam by slits.
It passes through the first mirror (M1) and is vertically collimated onto a Ge(111) double crystal monochromator. The energy range in the experiment is from 4.97 keV to 4.99 keV, at an energy resolution of <2 eV. The X-ray pulses are focused by a Kirkpatrick-Baez system to a spot size of 30 x 30 µm² (FWHM). At the sample position, a single X-ray slice in this energy range contains ~12 photons per pulse, resulting in a flux five orders of magnitude lower than in our previous XAS experiments on TiO 2 with 80 ps time resolution. [2] The entire data in figure 2 has been accumulated over ~10000 s per data point. Excitation pulses are supplied by a regeneratively pumped Ti:sapphire laser system at 1 kHz repetition rate and pulse energies of about 1.7 mJ (1.2 mJ after the transfer line to the X-ray hutch) at 800 nm (1.55 eV). The difference in repetition rate between optical pump and X-ray probe pulses combined with a single shot data acquisition allows to measure the photo-induced differences of the electronic structure on a pulse-to-pulse basis.
Pulses are split at variable pulse energies employing a half wave plate and a thin film polarizer. One part is used to pump an optical parametric amplifier (TOPAS) to provide pulses at 355 nm (after two frequency doubling stages). These pulses are focused by a spherical UV-enhanced aluminum mirror into a 60x80 µm 2 spot on the sample at a power of 16 mW. The remaining part of the 800 nm light is transferred via a delay line and focused by the same spherical mirror onto the same spot as the 355 nm pulses. Difference frequency generation in a nonlinear β-Barium Borate (BBO) crystal is used to find the temporal overlap between the UV and the 800 nm pulses. The 800 nm pulses were required to find the temporal overlap with the X-ray probe pulse. This is achieved in consecutive steps: 1)
A fast photodiode measures the rough timing between the X-ray core beam and the 800 nm laser pulse with a precision of few ps; 2) The temporal overlap between the X-ray and 800 nm pulses is found by recording the coherent optical phonons in a superlattice of by scattering effects from the TiO 2 NPs, which means that the effective absorption coefficient of the system is lower. We used a fluence of ~340 mJ/cm 2 , which is higher than in our previous work and, correspondingly, results in a significantly higher excitation yield.
The flow speed of the liquid jet, which is 4 m/s, allows for continuous renewal of the sample between pump/probe pulse pairs. All the x-ray measurements were run at room temperature and ambient pressure.
S.2 Sample synthesis and characterization
The sample is a colloidal suspension of 20 nm large TiO 2 nanoparticles in acetic water.
The suspension is prepared via a sol-gel synthesis, which is carried out in an inert atmosphere using a glove box. The precursor used for the NPs preparation is Titanium isopropoxide (Sigma Aldrich, 99.999% purity). The solution obtained mixing the precursor in 250 ml H 2 O 18 MΩ and 80 ml of acetic acid was peptized at 80 °C for about 2 h until turned into a transparent gel. The sample was then heated at 230 °C in an autoclave for 12
hours. The final solution was characterized via UV-Vis spectroscopy to adjust the concentration and XRD (Bruker D8 Advance diffractometer) in order to establish the crystal structure (Fig. S1 ). From the reproducibility of the synthesis we expect an average diameter for anatase TiO 2 of about 20 nm as in our previous work. For more details about the sample preparation and characterization using UV-Vis spectroscopy, dynamics light scattering and TEM see the supporting information of ref. [2] .
S.3 Estimate of the excitation yield
The excitation yield f has been estimated using the same approach as in ref. [2] . we find an excitation yield f~12% which is about 6 times higher than in our previous work. [2] 
S.4 Fit function
The measured time traces are analyzed by fitting a rate model to the data, taking into account a single growth rate k. To account for the limited time resolution, the solution of the rate equation is convoluted with a Gaussian function of width W= 200 fs, describing the cross-correlation of optical pump and X-ray probe pulses. The time-dependent signal can thus be described by:
where A is the maximum transient signal and t 0 is the time at which pump and probe pulses overlap. 
